The purpose of this preliminary clinical report is to suggest a novel treatment modality for periodontal bifurcation lesions of endodontic origin.
Introduction

The Infectious Process
The periodontal ligament and root canal system have a common developmental, anatomic, and functional relationship. [1] [2] [3] They are connected by anatomic structures such as apical foramina, accessory canals, and dentinal tubules [4] [5] [6] [7] as well as by pathologic pathways such as tooth perforations and fractures. [8] [9] [10] [11] [12] Theoretically an infection originating in one tissue will affect these other related tissues.
Lateral and accessory canals are common in maxillary third molars, maxillary central incisors, and in the lateral incisors. 7 Accessory canals were observed using a microscope in the furcation area in 74% of the molars, 13 with most located in the apical third of that area. However, accessory canals can be found anywhere along the root canal.
14 Treatment and prognosis are influenced by the presence of accessory canals when inflammation occurs in the bifurcation area.
Accessory canals in the bifurcation area were found in 21% of monkeys and dogs with necrotic pulps. 15 An inflammatory response due to viable pathogens and their by-products was found in the periodontal ligament, the apical foramen, and the area of the accessory canal openings of these teeth.
The main etiologies of pulp pathology are bacteria, viruses, and fungi [16] [17] [18] [19] [20] [21] capable of influencing periodontal structures. However, the influence of pulp pathology on periodontal disease has not been fully explained. The spread of infection from the root canal to the periodontal ligament is due to combined anatomic routes. A relationship has been found between periapical lesions and the periodontal ligament.
22-24
Treatment Modalities
Treatment modalities of combined periodontalendodontic lesions should eliminate pathogens from the infected area and prevent their re-colonization. After root canal treatment and obturation, the main route for bacterial colonization is coronal leakage. 27 Bacteria in dentin tubules, root canal ramifications, isthmuses, and the apical delta can present persistent infections. 28, 29 Dentin tubules sealed with dentin adhesives is an accepted treatment modality in restorative and esthetic dentistry. Dentin adhesive re-treatment with Gluma Desensitizer (Heracus Kulzer, Hanau, Germany) inhibits bacterial growth under composite restorations. 30 Successful clinical and histologic results of retrograde obturation can be achieved with dentin-bonded modified resin composite. 31 Since dentin adhesives penetrate up to 5 mm into the dentinal tubules coronal and apical leakage is prevented. 32 The application of dentin adhesive technology has not been described as a part of endodontic treatment. 33 An important etiologic factor in pulp pathology is periodontal disease and its treatment. 25, 26 The objective of the present study was to suggest a novel treatment modality for periodontal bifurcation lesions of endodontic origin.
Methods and Materials
This is a preliminary report of 11 consecutive patients presenting with periodontal bifurcation lesions of endodontic origin. Patients were followed-up for at least 12 months. At the initial evaluation, clinical signs of inflammation with periodontal abscess were observed in the furcation area. Periodontal examination in the buccal inter-radicular region revealed a probing pocket depth of 4 to 7 mm (mean 5.5 mm) with Class II furcation involvement as measured with a Naber's probe. The initial radiographic examination revealed a periapical lesion and/or external root resorption. Gutta-percha inserted through the sinus tract showed a periradicular lesion leading to the tooth furcation region ( Figure 1 ).
Root canal treatment was initiated at the first appointment. Calcium hydroxide (CaOH 2 , Henry Shein, Melville, NY, USA) and 2.4% liquid iodine periodontal pocket depth decreased to a level of 2 to 4 mm (mean 3.5 mm), and resolution of the furcation involvement was observed in postoperative clinical evaluations. potassium iodide (IKI, Sigma-Aldrich Co., St. Louis, MO, USA) were placed in the canals for three months. The initial periodontal therapy performed at this time consisted of scaling and root planing in the furcation area.
During the second appointment the root canal was sealed with gutta-percha and AH-26 root canal filling material (Densply, Detrey, Konstanz, Germany) (Figure 2 ). Dentin bonding (Clearfil se Bond, Kuraray, Kurashiki, Japan) was used to seal the furcation floor after the gutta-percha was removed from the pulp chamber.
Results
A radiographic examination after nine-12 months showed complete healing of the periradicular lesion in all patients (Figures 3 and 4) . Probing to create bond strength. Etching the dentin causes demineralization to a depth of several microns and removes the smear layer to expose peri-and intratubular collagen. The primer is hydrophilic in nature facilitating penetration into the etched dentin to allow greater surface area coverage and an increase in bond strength. 46 Consequently, a 5 mm thick layer is formed and described as a hybrid layer. 47 Infiltration of hydrophilic monomers into demineralized dentin creates a gap-free resin collagen hybrid layer that produces high bond strength, reduces microleakage properties, 48 and seals the endodontic space.
An in vitro model
o 33 has shown the hybrid layer formed by the dentin adhesive in the root canal space provides only a partial seal causing bacteria to penetrate into dentinal tubules. The following represent possible reasons for incomplete sealing:
• It is impossible to achieve a perfect seal using available dentin adhesives.
• Etching, primer, and bonding applied on the dentinal walls of the root canal space are less effective than on the dentinal walls of the cavity preparation for tooth restoration.
• Current dentin adhesives are prone to enzymatic degradation.
These should be addressed in future studies.
All root canal fillings leak. 49 Complete sealing of the root system is impossible using the current materials and obturation techniques available. 50 Different techniques of gutta-percha delivery and a multiplicity of sealers have all shown varying degrees of sealing ability. A coronal to apical pattern of fluid and microorganism flow provides a
Discussion
The bacterial etiology of endodontic lesions, endodontic treatment failure, and periodontal disease is well known. 16, [34] [35] [36] Mechanical removal of bacteria and organic tissue from the root canal is an important course of action for the success of endodontic treatment and is limited mostly to the main canal. 37 Irregular spaces such as root canal ramifications, isthmuses, apical deltas, and infected dentinal tubules remain inaccessible. 28 The surviving bacteria can rapidly multiply and even return to their initial level in the root canals between appointments when left empty. 37, 38 Therefore, intracanal medication is essential to completely disinfect the root canals. 38, 39 During endodontic treatment bacteria are eliminated from the root canal system by mechanical instrumentation and irrigating solutions. Since this mechanical preparation is limited to the main canal, it cannot eliminate bacteria from dentinal tubules and other irregularities (e.g., the isthmus, apical delta, and lateral canals). After mechanical preparation and irrigation, use of intracanal dressings substantially decreases the amount of bacteria in irregular spaces. [40] [41] [42] IKI, a biocompatible antibacterial agent well known for its clinical use, 43 exhibits a longdistance bactericidal effect in vitro due to its o evaporation and sublimation. 44 IKI effectively penetrates the dentin tubules and kills bacteria up to 300 μm. 29 Conversely, in an in vivo study o conducted on necrotic teeth with periapical lesions, pretreatment with IKI before placing a 0.2% chlorhexidine solution did not increase the overall antimicrobial effect but did reduce the frequency of persisting strains of E. faecalis resistant to CaOH 2 . However, a CaOH 2 and IKI combination is effective against E. faecalis in s dentin tubules using a bovine and human tooth model than using chlorhexidine alone. 41, 45 The passage of bacteria and by-products from the pulp chamber to the root furcation area has been prevented by sealing the accessory canals. 33 Dentin bonding agents and resins have been evaluated as potential obturation materials in endodontic treatment. 32 The new generation of dentin bonding agents uses micromechanical and chemical bonds with dentin search for improved techniques using the latest generation of dentin adhesives for better coronal and dentinal sealing in root canal therapy.
Conclusion
Pathologic changes in endodontic and periodontal tissues affect each other. Pulp necrosis is a risk factor that damages adjacent periodontal structures. Periodontal disease and its treatment exhibit only a slight effect on the pulp. The suggested treatment of periodontal furcation lesions of endodontic origin could result in complete healing. Further research is warranted.
Clinical Significance
This treatment method improves both the disinfection of the bifurcation area and the healing process in endodontically treated teeth considered to be hopeless. constant source of nutrients and newly invading microorganisms that maintain and/or initiate periradicular inflammation. 51 In an in vitro study a o dentin bonding agent applied on dentin tubules of prepared and cleaned root canal systems significantly reduced dye leakage along the prepared root canal walls. 52 The presented treatment strategy (CaOH 2 + IKI) allows for successful endodontic treatment and resolution of periodontal furcation involvement through a combined endodontic-periodontal treatment. The potential to seal dentinal tubules where coronal leakage can occur was shown. It is suggested dentin bonding has both the potential to improve the coronal to apical leakage and to seal dentin tubules facing the root canal space. Recently, the use of composite resins as endodontic obturation materials showed promising results. [53] [54] [55] [56] [57] An effort should be made to
